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Using 7’unneling  Tip Pusition  Sens ing

Paul M. Zavradw, FImk Hwtley,  Ned Sherman and Keith Warner

Subject Area ( 7. Mechanical Sensors)

Abstract

k this pap’x. wc r.?pxt  the inkiai  development of a single axis bulk micromachined  accelcmmeter.  Tle
expwbxl sensitivity range is fivm ten microg foil scale with a resolution of better than one microg.  The
device is built from four miexnnxhined  silicon wafexs of which three are distinct.  The prcmf mass
assembly is made with two identical wafexs  and the proof mass itself is one centimeter square by one
millimeter thick and weighs approximately 0.2 gmrns. The completed device is almtt  one and one half
millimctens square by two millimeters.

The device employs an eleetron  tunneiing Up as a position detector in a force feedback contrcd  system
(F’@re 1). Control electrodes are pLwed akve and below the proof mm and aet as electrostatic force
plates. Using the force plates. the position of the proof mass relative to the tunneling tip can be
Wntr’cd.led.

Introduction

In its simplest fcmm. conventional accelerometer cOrrsisLs of a proof ma=c. a spring and a position detector.
Under steady state conditions, the proof mass experiencing a cotuitant  xcelerarion  will move from its
unperturbed position to a new position dekrmimxi by the balance Mween its mass times the aecelemtion
and the restoring force of the .spting. Using a simple  meehanieat  spring, the acceleration will be direcdy
proportional to the distance traversed by the proof mass from its equilibrium position.

In a force feedback approach. the position  of the proof mass is held constant+  This is accomplished by
feeding back PcMtion information to the conrfol electfixies.  In this work. we are exploring the application
of electron tunneling tips as position sensors. Tle resolution of accelerometers is directly proportiotvd  to
the position detection capabtiity  and the o% constant. Our approach to ultrahigh resolution devices is to
ineorpcnated  a weak spring with d sensitive position detrxxm.  Tunneling tips have been used in sensors
with reported resolution as low as hundredths of an Angstrom 1.

Key elements of our design include the placement of the tip such that the spacing between the neutrai
position of the proof mass and the top of the tip is mxo. This has two beneficial effects, It reduces
sensitivity to off-axis accekradon  by eiknhxing  the Iorque.  In this design. the springs are composed of
beam sectkm. when the pnmf mass is not centered the barns rue dcfteetecL Lateral acceleradon  of the
proof mass resolves into a nommd and axial load on the springs. The normal component deflects the Wm
further. A second unique feature is the cc+nbined  use of x and de ehxbwstatic  fields to reach near zero
effective spring wnstant  during opwirtbm

Fabrication Sequence

lle finished devke is constfuecd  from four wafem,  with the proof  mass being assembled using two
identical wafers. E.aeh starts with double  tided alignmenL Next  each is back etch in KOH to define the
poof mass and separation chiinrrel. At tk same time, vias are etetted to Wit w-k bonding through the
assembled stfuctufe.  Chrome gold medliwicm provides an W surface and electrical contws  to the
surfaea  of the pfoof -. Mtiml elwtid Ware used so align and route electrical wnneetions
through the structure. Two proof mass wafers are bonded togethw. This process is perfoxmed  under
vacuum using eutectic  alloys. At this point. the proof mass is held to the surrounding silicon frame viu 25
micron silicon diaphragms. The qxings on one side of the device arc patterned and etched anisowopicd]y in
an NF3 plasma.

The cover wafer is&p etched in a nmer similar to the proof masses to define the separation CbMd.
Each wafer contains a grounded  bond ring that surmtnds  the central grmve and is electrically isokitcd  fmm
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the other electrical  feature such as the force pfatc. The cover  wafer com:iins  J smgfc  force plate recessed in
a grcove  in the center of the die, When completed+  the cover piate  1s bunded  ro the assembled proot miss
such that  the side of the proof mass wafer with the springs is the s;de  that is bonded. TM permits tic
anisotropic  etching of the springs on the exposed side of the three ‘Aafer  assembly. which rt%ults  in a
completed proof maw and spring assembly tit is free to move. A.s such. it must  k handed cmcfully.

The tip wafer COIIL*S  a plasma  etehed. otidation sharpened goki nwcillixd  tip surrounded by four form
pLIte.s.  T?)ese structures are reeessed  in a SMI1OW  eteh pit skiiar to that used for the cover pla[c. The tip
is da$igned  to protmde  above th surfxe of the wafer at a height such tht  he trp reach the neucml  position
of tie proof mass after the wafers are bonded. Eleefrieal  leads to thvfowe  platm and bps comect  m contact
pads at the @3riphery  of the die. The completed tip wafer is cute.ctically bonded to the proof mass/ cover
pfa(e assembly. Since the tip wafer is ptaced  above the proof mass during wembly, the proof mm-s w held
away from (he tip by gravity. This prevmfs  damage to the tip during bonding. A final pl~sma  etch
prcx=w is used to separate individual die.

Results

The process  has been developed and completed M all three wafer types. The tip rmxrsures  about 2.5
microns in diameter at its base and is shown in Figrut 2. These tips arc fabricated using a multiple step
proee$s  involving plasma  etching and thermal oxidation for tip sharpening. Bonded tip and proof  ma%$
dice have been mounted on test fixtures for analysis. For these dice. the springs have not yet been etched.
‘his dcvicc alfows us to evaluate  the e]ectriti  behavior of the tip and force plates  in Figure 3, a plot of
the tunding tip output M a fimction  of position is shown. Completely assembled arxelerorneters  have
not yet k tested.
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1 S.S3. Waltman  and W.J. Kaiser, “Arr Electron Tunneling %nsor,”  Scnsms and Actuators, VOL

19, pp 201-210, (198!3).
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Figure 1. Schematic moss-section of the
assembled eecelerome4er.
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Figure 3. A Hot of the tunneling curmmt merr$ure.

Figure 2. SEM close-up of a cmnpIeted  tip.


